Relatively little information exists regarding the characteristics of chronic cough in systemic sclerosis-related interstitial lung disease (SSc-ILD), its effect on quality of life (QoL), and its response to treatment. We previously reported that cough was present in most patients with SSc-ILD in the Scleroderma Lung Study (SLS) I, a clinical trial comparing cyclophosphamide (CYC) and placebo. [1] [2] [3] In SLS I, patients with any cough at baseline had increased ILD severity and worse QoL compared with patients without cough. 1 After 12 months of treatment, cough decreased in the CYC group compared with the placebo group. 1 These findings suggested that the presence of cough might be an indicator of the extent of lung disease in SSc-ILD, and changes in cough might serve as a surrogate marker of the efficacy of diseasemodifying therapy for SSc-ILD.
To further explore the prevalence and health burden of cough in SSc-ILD, the Leicester Cough Questionnaire (LCQ) was added to the design of SLS II, a randomized controlled trial (RCT) comparing mycophenolate mofetil (MMF) administered for 2 years vs CYC administered for 1 year followed by another year of placebo. 4 We sought to determine the proportion of patients with SSc-ILD with frequent cough (FC), the impact of FC on cough-specific QoL, the correlation of FC with other features of SSc-ILD at baseline, the change in FC in response to treatment for SSc-ILD, and the impact of the presence and development of GERD on FC during the trial.
Methods
The design and eligibility criteria for SLS II have recently been reported. 4 Briefly, adults with either limited or diffuse cutaneous systemic sclerosis (SSc) 5 were enrolled if they had high-resolution CT (HRCT) evidence of interstitial lung disease (ILD), an FVC of # 80% predicted, exertional dyspnea $ grade 2 on the magnitude of task domain of the Mahler baseline dyspnea index (BDI), 6 and disease onset (first non-Raynaud symptom of SSc) within the previous 7 years. Eligible patients were randomized in a double-blind fashion to receive either MMF (n ¼ 69) for 2 years or oral CYC (n ¼ 73) for 1 year followed by a year of placebo treatment. The study was approved by the Office of Human Research Protection Program at University of California, Los Angeles (UCLA) (IRB No. 11-002659-CR-00005) and by the institutional review boards of all 14 participating centers.
Randomized patients were assessed for the presence of the following outcomes at baseline and every 3 months thereafter: FC (cough on several or most days of the week) based on positive responses to the first two questions in the St. George's Respiratory Questionnaire (SGRQ) 7 ; cough-specific QoL (LCQ, a validated 19-item QoL measure of chronic cough that is responsive to change) 8 ; moderate to very severe GERD, defined by a score of $ 0.50 on a scale of 0 to 3 on the UCLA Scleroderma Clinical Trial Consortium Gastrointestinal Tract (GIT 2.0) questionnaire 9, 10 ; breathlessness using the self-administered Mahler BDI/transition dyspnea index (TDI), 6 and the visual analog scale (VAS) for breathing of the Health Assessment Questionnaire (HAQ) 11, 12 ; other QoL measures (36-item Short-Form Survey [SF-36]) 13 ; and lung function (FVC, diffusing capacity for carbon monoxide [DLCO] ). In addition, thoracic HRCT images were obtained at baseline and at 24 months, and the quantitative extent of lung fibrosis (QLF) and the quantitative ILD (QILD) in the lobe of maximal involvement (LM) and the whole lung (WL) were calculated. 14, 15 The justification for defining FC based on the participants' responses to the first two questions in the SGRQ is provided in e-Appendix 1.
Statistical Analysis
To assess differences between patients with FC and those with non-FC, two-sample t-tests and c 2 or Fisher exact tests were used. The Pearson correlation coefficient examined correlations between baseline measures and scores of change. Paired t tests were used to compare LCQ scores at baseline and at 24 months. c 2 and logistic regression analyses were used to explore relationships between improvement in FC and improvements in other characteristics. The CochranArmitage test for trend was used to evaluate the association between the course of GERD and changes in LCQ scores. A mixed effects logistic model was used to examine the impact of treatment on FC over the course of study. No adjustments were made for multiple comparisons.
Results

Cough-Related Differences at Baseline
Of the 142 randomized subjects, 87 reported FC at baseline (61.3%), and 49 of them produced sputum (56.3%). Of those without FC, 26 reported cough on only a few days a month, seven reported cough only with acute chest illnesses, and 21 reported no cough at all. Baseline characteristics of the subjects stratified by the presence or absence of FC symptoms are shown in Table 1 . Of the patients with FC, 77% (67 of 87) reported GERD at baseline, whereas GERD was present in only 59% of patients (32 of 54) without FC (P ¼ .025). The average severity of GERD as measured by the GIT 2.0 (none to mild, 0.00-0.49; moderate, 0.50-1.00; severe/very severe, 1.01-3.00) 9, 10 was moderate (0.69 AE 0.59) in those with FC and mild (0.38 AE 0.38) in those without FC (P < .001).
Those with FC, compared with those without, experienced significantly more breathing difficulty (by VAS), and had a lower DLCO percent predicted and a greater extent of fibrosis (QLF) on HRCT in the WL and of total ILD (QILD) in both the WL and the LM (Table 1) .
Cough-Specific Quality of Life
The LCQ was used to assess cough-specific QoL in those with FC (total score ranging from 3-21 and individual domain scores ranging from 1-7, with high scores reflecting better cough-specific QoL) and demonstrated modest impairment at baseline, as indicated by an average total LCQ score of 15.4 AE 3.7 (SD) and average domain LCQ scores of approximately 5 to 6 ( Table 2 ). The cough-specific QoL scores (total and domain) were not significantly different between those with and those without GERD but were significantly lower (worse) in the 49 patients with cough and sputum (wet cough) than in the 38 subjects with dry cough (P < .01 for all comparisons). Significant correlations were found between the LCQ scores and the degree of breathlessness as measured by the VAS for breathing and the BDI, as well as the physical composite summary, a non-cough specific QoL measure derived from the SF-36 (e- Table 1 ). Other significant correlations were found between the LCQ scores and each of the following: the duration of SSc (number of years from the onset of the first non-Raynaud symptom of SSc), the severity of reflux (GIT 2.0), the baseline FVC and DLCO percent predicted, and the QLF-WL, QILD-WL, and QILD-LM. No significant associations were noted between coughspecific QoL measures and demographic or anthropomorphic features.
Cough Improves Over the Course of Treatment for ILD
The reporting of FC decreased over the 24-month trial in both arms (Fig 1) . In the CYC arm, 44 of 73 patients (60.3%) reported FC at baseline, whereas only 24 of the 53 patients who completed their 24-month visit (45.3%) reported FC at trial end. Moreover, 13 of the 32 patients receiving CYC with FC at baseline (40.6%) no longer reported FC at 24 months. In the MMF arm, 43 of the 68 patients (63.2%) reported FC at baseline, whereas only 24 of the 52 patients with data at 24 months (46.2%) continued to report FC. Additionally, 15 of the 34 patients who received MMF and had FC at baseline (44.1%) no longer reported FC at 24 months. In contrast, 10 patients (five in each treatment group) of a total of 39 patients (25.6%) who did not start the study with FC reported that they had acquired FC at 24 months. However, the frequency of FC was significantly improved at 24 months for all patients with 24-month cough data (P ¼ .0051), with more subjects having lost (n ¼ 28) than having acquired FC (n ¼ 10) and no difference between the two treatment arms.
The percentages of patients with FC at baseline and at trial end stratified by the presence or absence of GERD are shown in e- Table 2 . Although very infrequent, a few patients experienced new GERD by month 24, and a few had resolution of their GERD. All the patients (n ¼ 7) who acquired GERD at 24 months continued to have FC. Conversely, among those whose GERD resolved at 24 months (n ¼ 8), most (63%) no longer reported FC (P ¼ .032). Proton pump inhibitor (PPI) use was not associated with the presence or absence of GERD or of FC at baseline nor were changes in PPI use associated with changes in GERD or FC (P ¼ .162 and P ¼ .391, respectively). Univariate logistic regression was carried out to identify significant relationships between the resolution of FC and other measures of change over time in response to treatment (Table 3 ). Significant correlations were identified for an improving TDI score (P ¼ .037), a decrease in breathlessness assessed by VAS (P ¼ .021), and a reduction in the quantitative extent of ILD in the WL by HRCT (P ¼ .032). There were also trends (P ¼ .05 to .10) toward a relationship of the resolution of FC with improvement in FVC percent and loss of GERD (P ¼ .077 for both). In contrast, acquisition of GERD showed a trend toward a negative association with loss of FC (P ¼ .078). However, multiple logistic regression failed to show a significant independent association of any of these factors with loss of cough ( Table 3 ).
Five of the 30 patients with dry cough at baseline (16.7%) experienced cough with sputum (wet cough) by 24 months, whereas four of the 36 patients with wet cough at baseline (11.1%) continued to cough at 24 months but without sputum ( Table 4 ). Twelve of the 30 patients (40%) with dry cough at baseline and 16 of the 36 patients (44%) with wet cough at baseline had resolution of their coughs completely by 24 months, although five of the latter 16 patients (31.2%) continued to produce sputum in the absence of cough. Although the numbers are small, there did not appear to be a preferential effect of ILD-directed treatment on FC based on the presence or absence of sputum.
Changes in Cough-Specific QoL
The LCQ scores (total and domain) in patients with FC at baseline and at 24 months and the mean differences between the two time points are shown in e- Table 3 by treatment group and by both treatments combined. By 24 months, in both the CYC and MMF arms combined, LCQ scores improved slightly with treatment, but in paired analysis for both treatment arms combined, the degree of improvement was not significant (P ¼ .083 for total LCQ and P ¼ .079, P ¼ .124, and P ¼ .205 for the physical, psychological, and social LCQ domain scores, respectively). No difference in treatment response between the two treatment groups was observed.
The total and domain LCQ scores numerically increased (improved) in those in whom moderate to severe GERD resolved and, to a lesser extent, in those in whom the presence or absence of GERD did not change (Table 5 ). In contrast, the scores numerically increased (worsened) in those who experienced moderate to severe GERD. The pattern of these changes differed significantly across the different subgroups of patients for both the total and domain LCQ scores (P < .01). Similar findings were observed for each treatment group separately.
Similar to the correlations at baseline, changes in coughspecific QoL were significantly associated with changes in breathlessness and non-cough specific health status assessments, and these changes were all in a favorable direction (Table 6 ). However, no correlation was found between changes in LCQ scores and changes in the physiological or radiographic variables, with the exception of a modestly significant association between a reduction (improvement) in the physical LCQ domain score and a decrease in the DLCO.
Discussion
Using data from the first RCT of MMF vs CYC in symptomatic patients with SSc-ILD, we found that most patients had FC at trial onset and that slightly more than half of these patients produced sputum on several to most days of the week. Since current smoking was an SLS II exclusionary criterion, productive cough could not be attributed to active smoking. Consistent with the results of SLS I, patients with FC in SLS II had significantly more dyspnea, a lower DLCO, and a greater quantitative extent of fibrosis and total ILD on HRCT journal.publications.chestnet.org than did those without FC. The distributions of the associations of FC with these baseline measures of ILD severity are shown in e- Figure 1 ; inspection of these histograms makes it unlikely that the significance of these associations is attributable to only a few outliers with FC (e- Fig 1) . These findings support the concept that FC in SSc-ILD is associated with fibrotic/ inflammatory changes in the lung, although an independent influence of GERD is also likely. The mechanisms underlying the association between FC and parenchymal scarring/inflammation in the lung are unclear but could involve stimulation of the cough reflex through excitation of stretch receptors in the lung and airway irritant receptors with sensitization of C-fiber afferent nerves. 16, 17 In addition, it is possible that patients are more aware of their cough because of their reduced pulmonary reserve.
Our study also found that GERD may be an important contributor to cough, as more patients with FC reported symptoms of GERD compared with patients without FC. Moreover, severity of GERD was correlated with coughspecific QoL scores.
Largely consistent with the observations in the CYC arm of SLS I, the presence of FC declined similarly in both treatment arms in SLS II (Fig 1) , and this decline paralleled the improvement in FVC percent predicted in both the CYC and MMF treatment arms over the 24-month trial. 4 Moreover, although the FVC percent predicted improved to a modest degree (about 3%), we observed a substantial decline in the proportion of patients with FC during treatment with either CYC or MMF (40.6%-44.1%). These findings suggest that a reduction in cough might serve as a useful secondary marker of the therapeutic response in SSc-ILD. A limitation of our study, however, is that it did not include a placebo arm, raising the possibility of a placebo effect on the patients' subjective perception of cough. To minimize this possibility, the use of objective cough frequency monitors should be considered in future studies.
Although the proportion of patients with FC declined significantly during treatment, cough-specific QoL measures improved only slightly and not significantly. The reason for this disparity is not clear but may be due to the relatively modest impairment in LCQ scores at baseline, suggesting limited room for improvement. Interestingly, the improvements in the LCQ scores, while relatively modest, were largely confined to those patients with FC who had symptoms of moderate to severe GERD at baseline, whereas those patients with FC and no GERD symptoms at baseline tended to experience slightly worse cough-specific QoL, although not to a significant degree. These findings might have been influenced by the resolution of reflux symptoms in five of eight patients with baseline GERD in contrast to the development of reflux in all seven patients who did not have baseline GERD.
Improvements in cough-specific QoL over the 24-month course of the trial, although relatively small, correlated significantly with improvements in breathing as well as in generic (SF-36) and scleroderma-related (Health Assessment Questionnaire Disability Index [HAQ-DI]) QoL measures, suggesting that the improvements in cough-specific measures may have contributed to improvements in overall health status. However, improvements in cough-specific QoL were generally not correlated with improvements in lung function or in extent of disease on HRCT. This lack of correlation might be due to the relatively small changes in coughspecific health status as well as to the variability in the generally modest changes in objective physiological and radiographic measures of ILD severity with treatment.
Our overall findings suggest that persistence or resolution of FC over the 2-year trial was probably influenced, in part, by the trajectory of GERD symptoms. In addition, the significantly greater severity of ILD in patients with FC at baseline suggests that the underlying ILD was at least partially responsible for the presence of cough. A trend toward an association between loss of FC and resolution of GERD independent of the changes in FVC and extent of disease on HRCT was also observed. The aforementioned findings suggest that the resolution of FC might be related to improvements in both the inflammatory and fibrotic components of the underlying lung disease with ILD-directed therapy and a reduction in GERD. 
Conclusions
The present findings indicate that FC is common in patients with SSc-ILD, is probably influenced by the presence of both GERD and ILD, and declines substantially in parallel with improvements in measures of ILD severity over 2 years of treatment for SSc-ILD. Therefore, reduction in cough might serve as a useful surrogate patient-centered marker of response to immunosuppressive therapy in patients with SSc-ILD.
